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In recent years there has been increasing ap-
preciation of the metabolic activities that occur
in the skin. The concept that the skin may
manufacture the complex substances necessary
to perform its function is gaining increasing
support. In the category of lipids it seems possible
that the skin itself synthesizes from other sub-
stances the fats necessary for the epidermal
"barrier," the protective and emollient surface
film and perhaps the precursors of Vitamin D.
Srere, Chaikoff and others (1) reported that
in rats the skin was one of the most active extra-
hepatie sites of sterol synthesis. Nieolaides,
Reiss and Langdon (2) incubated slices of a
piece of human scalp obtained at operation with
C14 acetate and after careful separation of the
lipid constituents demonstrated incorporation
of the C' into sterols, fatty acids and also in
sizable amounts into squalene (a precursor of the
sterols which does not normally accumulate in
other tissues). Later Nicolaides and Rothman
(3) used an amputated limb as a source of human
skin and incubated epidermis and dermis sepa-
rately with C'4 acetate. They concluded that the
epidermis was the main site of sterol synthesis
in the human skin and that the sebaeeous glands
synthesized and accumulated squalene.
The present studies were undertaken to at-
tempt to confirm and extend these observations
and to apply, if possible, these methods of study
to small (punch-biopsy size) pieces of skin.
METHOD5
Sources of Human Skin
Within 6 hours alter death of the host, abdomi-
nal and scalp skin, obtained at autopsy, showed a
* From the Department of Medicine, New Eng-
land Center Hospital, and Tufts University School
of Medicine, Boston 11, Massachusetts and the
t Dermatologieal Research Laboratories of theDepartment of Dermatology, Harvard Medical
School, at the Massachusetts General Hospital,
Boston 14, Massachusetts.
Presented at the Twentieth Annual Meeting of
The Society for Investigative Dermatology, Inc.,
Atlantic City, N. J., June 6, 1959.
This work was supported in part by research
grants from Chesebrough-Pond's Inc., the U. S.
Public Health Service (A2547* and A-2523f), and
the Massachusetts Heart Associationt (Grant
351).
281
decline in the ability of whole skin to incorporate
C'4 from acetate into lipid. This effect was most
pronounced in the fatty acid fraction, but at 16
hours the radioactivity of all three lipid frac-
tions (squalcne, sterol and fatty acid) was very
nearly zero. Since it was impractical to obtaio
autopsy tissue in less than 6 hours after death, we
utilized skin excised at operation for all of the
experiments reported here. Attempts were made to
store freshly excised skin at —30° C, but freezing
completely destroyed all lipogenic activity. There-
fore all experiments were started as soon as the
specimens were obtained from the surgeon, and
incubation began within 1 to 3 hours after ex-
cision. Skin from various areas was used, including
thigh and leg skin from amputations, abdominal
skin removed from the border of abdominal in-
cisions, post-auricular skin from plastic correc-
tion of ear deformities, split-thickness graft skin
and breast skin from radical masteetomies. The
breast skin proved to be one of the most active and
the most easily available, and so was used in many
of these studies.
Preparation of Skin Samples
After the grossly visible fat was trimmed from
the operative specimen, individual discs of skin
were cut perpendicular to the surface with an 8
mm cutaneous punch. Multiple specimens of con-
stant surface area (0.5 em') could be cut from a
piece of skin obtained at operation. For compari-
son of epidermal and dermal activity a Stadie-
Riggs knife was used free hand to cut a single
horizontal slice as near to the skin surface as
possible. This slice ("epidermal" specimen), when
examined histologically, contained all of the epi-
dermis and a thin layer of dermis, while the re-
mainder ("dermal" specimen) contained the rest
of the dermis and all of the sebaeeous glands.
Other well known methods of separation of epi-
dermis and dermis such as stretching, beating,
chemical or enzymatic treatment were not used
since it was felt that they might impair the meta-
bolic activity under study.
Incubation
Each fresh 8 mm disc of skin was placed in a 30
ml beaker or flask with 1 ml of Krebs-Ringer phos-
phate buffer (pH 7.4) to which had been added
sodium acetate-i-C'4 and carrier sodium acetate.
In most experiments, 10 microcuries (ye) of C" in
282 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
25 micromoles (MM) of sodimu acetate were used
in each flask. The flasks were then placed in a
Dubnoff shaking incubator at 37° C and shaken at
100 strokes per minute under a flow of oxygen for
3 hours.
Hydrolysis and Separation of Lipids
These methods are modifications of those of
N. L. R. Bucher (4). The skin and reaction mixture
were then transferred to Pyrex test tubes with 2
ml of 15 per cent potassium hydroxide in 95 per
cent ethanol, the tubes were sealed under nitrogen
and heated in a steam bath overnight. The con-
tents were then transferred with 2 ml of distilled
water to a separatory funnel and the non-saponi-
fiable lipids were extracted with a single 30-min-
ute mechanical shaking with 50 ml of petroleum
ether (boiling point 30—60° C). The aqueous frac-
tion was re-extracted with petroleum ether to
remove any traces of non-saponiflables. It was
then acidified with concentrated sulfuric acid in
an ice bath. This acidified aqueous layer was ex-
tracted with 50 ml of 5 per cent chloroform in
petroleum ether to obtain the fatty acids.
The petroleum ether extract of the non-saponi-
fiables was reduced to a volume of 5 ml under a
stream of nitrogen without heat and was then
poured onto a chromatographie column containing
0.5 gm of alumina (Merck) which, by Broekman
grading, proved to be Grade II. The squalene
fraction was then eluted from the column with 30
ml of petroleum ether and the sterol fraction was
in turn eluted with 30 ml of a mixture of equal
parts by volume of acetone and ethyl ether.
Determination of Radioactivity in the
Lipid Fractions
Squalene.—The petroleum ether solution of the
squalene fraction obtained by alumina chroma-
tography was taken to dryness under nitrogen
without heat and was then taken up in 5 ml of
petroleum ether in a volumetric flask. One milli-
liter aliquots of this were allowed to evaporate in
nickel plated cup planahets and the infinitely
thin layer of squalene was counted in a thin end-
window gas-flow counter. Results were expressed
as counts per minute of an infinitely thin layer in
the total specimen per gram of the original skin
sample or, in some cases, per square centimeter of
surface area of the skin sample. Carrier squalene
was added to selected specimens and the hexahy-
drochloride (5) of squalene was prepared. This
was crystallized and identified by melting point.
Seventy to 90 per cent of the radioactivity in the
fraction was recovered in the hexahydrochloride,
indicating that the radioactivity in this fraction
is predominantly in squalene. It is likely that the
remaining activity is in other hydrocarbons, but
this has not been studied further.
Sterols.—The acetone-ethyl ether solution of
the sterol fraction obtained by alumina chroma-
tography was evaporated to dryness and taken up
in 6 ml of a mixture of equal parts by volume of
acetone and 95 per cent ethanol. To this were added
2 drops of 10 per cent acetic acid and 2 ml of an
0.5 per cent solution of digitonin in 50 per cent
ethanol. After 3 hours, the resulting precipitate
of sterol digitonide was filtered onto 29 mm discs of
Whatman #50 filter paper. The filter paper was
placed on a ring and disc assembly and radio-
activity was determined on a thin end-window gas-
flow counter and expressed as counts per minute of
the infinitely thin layer of sterol digitonide (less
than 1 mg per cm') per gram or per square centi-
meter of surface area of original skin. This meas-
ures the radioactivity incorporated into digitonin-
preaipitable sterols which, in normal human skin,
are mostly cholesterol (6).
Fatty Acids—The chloroform-petroleum-ether
extract of the acidified incubate was evaporated
to dryness under nitrogen and the residue was
taken up in 5 ml of chloroform. One milliliter ali-
quots were allowed to evaporate on cup planchets,
and radioactivity was counted as with the other
samples. The results were expressed as counts per
minute of a thin layer (less than 1 mg per cm') of
fatty acids per gram or square centimeter of orig-
inal skin.
Selected samples of this chloroform solution of
fatty acids were put through a Popjak column
(Celite-Hyflo) to remove possible contaminating
acetate, but in all cases the absence of a change
in counts indicated that no contamination was oc-
curring. However, this fraction was not further
purified or identified.
Evaluation of the Method
When the C'4 acetate was added to samples of
skin after incubation, or when incubation was
carried on under nitrogen and the procedure car-
ried through as above, no radioactivity could be
found in any of the three lipid fractions, indi-
cating that there was no contamination of the
final fractions by the C'4 acetate.
When C'4-tagged squalena (kindly supplied by
N. L. R. Bucher) was used in place of the C'4
acetate, SO per cent of the original radioactivity
was recovered in the squalene fraction and none in
the sterol or fatty acid fractions. This indicated
that the method provided good recovery of this
rather labile substance.
When C'4 cholesterol was used in place of the C'4
acetate, 75 per cent of its radioactivity was re-
covered in the sterol fraction and none in the
other two lipid fractions, and when C'4 palmitic
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acid was used, 66 per cent of the radioactivity was
recovered in the fatty acid fraction and none in
the others. The method thus seemed to allow rea-
sonably good and consistent recovery of known
amounts of each of the three lipids with no overlap
into the others.
RESULTS
Body Site
Since breast skin was easily available and
had high lipogenic activity, it was used for de-
tailed study of many of the parameters and
factors involved in lipogenic enzyme activity.
Breast skin from 23 subjects has been studied.
The data from the six most active breast skins
are reported in Table 1. Representative values
for other body sites are given in Table 2. The
incorporation of C'4 into cholesterol appeared
to be about the same in all sites, while squalene
and fatty acid synthesis varied considerably,
tending to be most active in breast and post-
auricular skin.
Dermis versus Epidermis
In the reports of Nicolaides and Rothman
(3), the data from a single subject suggested a
difference in the pattern of lipogenic activity of
dermis and of epidermis. In examining the skin
of several subjects for this effect, we have found
an unpredictable amount of variation in the
dermal and epidermal pattern of lipogenic
activity, not only in different subjects, but also
TABLE 1
Lipogenic Activity of Human Breast Skin
(Counts/minute.gram of tissue)
Exper. No.
Squalene Sterol-Digitonide Fatty Acids
Mean Range Mean Range Mean Range
E-2
E-8
E-13
E-16
E-17
S-2
75,000
44,500
17,500
6,600
32,500
42,800
33,100 to 128,400
32,400 to 72,800
10,600 to 27,000
1,900 to 10,000
29,100 to 36,600
23,300to71,000
7,200
4,700
2,200
4,100
2,400
3,800
6,500 to 8,400
3,100 to 6,400
1,300 to 2,600
3,400 to 4,500
2,100 to 2,600
2,800to4,700
117,800
12,900
18,700
12,100
34,800
82,600
58,500 to 178,800
6,300 to 27,700
15,000 to 20,900
7,100 to 17,300
33,700 to 36,200
62,200to93,300
C'4 acetate concentration was 25 sM/ml, with specific activity of 0.4 sc/sM. There were 4 samples
in each experiment.
thigh
post-au-
ricular
anterior
axillary
epidermis
(graft)
scalp*
Mean
390 to 420 3,600
49,000 to 120,000 12,500
6,300 0 to 10,300
Range
3,000 to 5,000
41,200 to 68,800
1,800 to 14,200
0 to 3,000
6,100 to 14,400
Exper.
No.
TABLE 2
Lipogenic activity of human skin from various body sites
(Counts/minute.gram of tissue)
Site
Squalene
Mean Range
Sterol-Digitonide
Range
E-14
E-12
E-9
E-10
A-12
Fatty Acids
400
80,700
11,700
0
Mean
6,300 to 26,000
3,400 to 4,300
10,000 to 16,400
5,500 to 11,3008,300
0 to 0
11,800 8,100 to 15,300
4,400
52,900
6,100
900
11,2008,600 6,300 to 10,300
C' acetate concentration was 25 pM/ml, with specific activity of 0.4 vsc/sM. There were 4 samples
for each experiment.
* Scalp was obtained 10.5 hours post mortem and incubated 6 hours. Other specimens were obtained
at operation.
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TABLE 3
Lipo genie activity of dermis and epidermis from human breast skin, Experiment No. E-17
(Counts/minute.gram of tissue)
Tissue
Squalene Sterol-Digitonide Fatty Acids
Mean Range Mean Range Mean Range
Whole skin
Epidermis
Dermis
Epidermis and dermis*.
32,500
1,000
35,900
28,600
29,100 to 36,700
0 to 2,600
26,500 to 44,200
17,700 to 40,800
2,400
6,100
500
2,300
2,100 to 2,600
5,500 to 7,200
200 to 700
1,900 to 2,900
34,800
6,200
23,000
24,900
33,200 to 36,200
4,300 to 8,200
15,700 to 34,500
14,200 to 34,500
C'4 acetate concentration was 25 MM/mi, with a specific activity of 0.4 pc/MM. There were 4 samples
of each tissue in the experiment.
* Slices of epidermis and dermis were incubated in the same vessel.
in different samples of skin from the same subject.
In Table 3 are listed the data from one of our
more reliable experiments which compares dermis
with epidermis. Incorporation of C'4 into the
sterol fraction seemed to occur mainly in the
epidermis, whereas C'4 incorporation into
squalene and fatty acids predominated in the
dermis. (The latter may in part represent fatty
acid synthesis by fat contaminating the dermis.)
In general, the observed trend has held for each
subject studied. The reason for the dermal-
epidermal differences is not clear. Although it
seems likely that the sebaceous glands are
responsible for the unique ability of human skin
to synthesize and accumulate squalene, we have
not yet been able to relate this activity to the
number of glands seen histologically.
Psoriasis
In Table 3, it is apparent that it is possible
to obtain fairly reproducible values for adjacent
TABLE 4
Lipogenie activity of psoriatic and adjacent normal
skin
(Counts/minutegram of tissue)
Squalene Sterols Fatty Acids
Psoriatic skin
1 1,250 5,240 13,720
2 2,765 7,640 22,780
Normal skin
1 39,880 3,780 67,660
2 42,610 3,400 76,920
3 45,560 10,200 80,240
C' acetate concentration was 25 pM/mi, with
n specific activity of 0.4 sc/pM. Each value is for
one sample.
8 mm punch biopsies. The range of variation of
values for all three fractions is 10 per cent. This
degree of technical control encouraged us to
initiate studies on 8 mm punches from lesions and
normal skin in humans. Table 4 compares lipo-
genie activity of a psoriatic lesion and the ad-
jacent normal skin in the same patient. A
significant difference was observable even though
only a few samples of each site were studied.
In psoriatic skin, C'4 incorporation into squalene
and fatty acid was diminished, while the radio-
activity of the sterol fraction was similar in
normal and psoriatic skin.
SUMMARY
At the present time, it seems possible to obtain
reliable results in the study of the lipogenic
activity of small pieces (8 mm punches) of human
skin excised from the living subject. We are on
the threshold of an adventure in quantitative
lipid-enzyme chemistry of living normal and
abnormal human skin. Already, it is apparent
that differences exist in this activity in different
body sites, in different layers of the skin and in
inflammation. Breast, scalp and post-auricular
skin appear to be more active than abdominal
and thigh skin. Epidermis appears to synthesize
sterols more readily than dermis, while dermis
seems to have the unique ability to synthesize
and accumulate squalene.
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DISCUSSION
DR. STEPHEN ROTHMAN (Chicago, Ill.): I
am delighted with this beautiful work of Drs.
Patterson and Griesemer. It is very significant
that they have been able to carry out their
experiments on small samples as obtained by
punch biopsy. Their work illustrates how der-
matologic research has contributed to pure
biochemistry (see also: Rothman: Dermat.
Wochenschr., 139: 643, 1959). Since it has
become clear that sebaceous cells have an in-
complete enzyme system which carries the
synthesis towards cholesterol only to the squalene
stage in man, Wheatlcy in our laboratory noted
that skin cells of different mammalian species
carry the synthesis step by step somewhat
further. Wool fat contains lanosterol and di-
hydrolanosterol, skin of rodents contain latho-
sterol, and in human Malpighian cells 7-dehydro-
cholesterol is present. These compounds possibly
arc the intermediates of cholesterol synthesis in
all cells. The scheme proposed by Wheatley on
basis of the analysis of epidermal tissues and
skin surface fats differ in some respects from other
suggested schemes of cholesterol synthesis.
I would like to ask Dr. Patterson whether
the very low values of squalenc in his samples
of psoriatic lesions could not be due to the fact
that such samples contain much more epidermal
tissue and relatively less sebaceous gland
parenchym than normal skin.
DR. ALLAN L. LoRrNcz (Chicago, Ill.): I
also enjoyed this paper very much. I would
just like to ask whether any work has been done
on the effect of oxygen tension on the synthesis
of cholesterol in this system. It may very well
be that squalene accumulates in the sebaceous
gland because of relative lack of oxygen, oxygen
being essential for the biosynthetic conversion
of sequalene to cholesterol.
DR. FRANZ HERRMANN (New York, N.Y.): I
have been greatly impressed by this presentation.
Regarding the activity values tabulated for
psoriatics I noticed distinctly lower values for
the fatty acid fraction and distinctly higher
values for the stcrols than listed for healthy
subjects. In agreement with earlier data reported
by S. Rothman, 14. Schcr and I have re-
cently found a lower range of the acid number of
the skin surface lipids in psoriatics than in
normals, although this peculiarity has not been
apparent equally on all areas of the body surface
investigated. On the other hand, the values
have been low, regardless of whether the sites
under test have been affected by psoriatic lesions
or not. Moreover, for specimens from the base
of the stratum corneum, made accessible by
stripping with Scotch tape, abnormally high acid
number values have been obtained in the psori-
atics. I wonder whether the presenters feel that
their high values for the sterols and low values
for the free fatty acids in psoriatics might be
explained by increased sterol synthesis at the
expense of free fatty acids.
DR. JAMES F. PATTERSON (in closing): I wish
to thank Dr. Rothman for his very kind and
amplifying remarks. I hope that we made it very
clear that he and Nicolaides were the ones that
blazed the trail in this field for they first demon-
strated many of the things that we have merely
amplified upon here.
Dr. Lorincz was interested in the effects of
oxygen tension on the accumulation of squalene
as opposed to sterols. In rat liver homogenates,
which normally synthesize sterols very well,
incubation under nitrogen instead of oxygen will
result in accumulation of squalene rather than
sterols. We did do a number of incubations of
our whole skin in nitrogen but found that no
synthesis of fat of any kind occurred. This is
not necessarily the same as the rat liver experi-
ments because they were homogenates and had
added factors while we simply used whole skin.
I appreciate Dr. Herrmann's comments. We
certainly don't know how to interpret the ex-
periments on psoriatic skin.
